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Description 



* generally utilize substituted 1 ,2.di a2 onaphthoquSs as ^S^^ ta8ed0n di " 0,utton inhibiti °". 

development by dilute aqueous base. Upon IrM^^SSi^^^" T*" * n ° VO ' aC r8Sin insoluble to 
portions of the resist which have rBoelL l ^S^J^^T^' nanB ""^^ rearran 9°™nt and those 
base. While these photoresists are widely used tev areTnZ T T?"'* aW SOluble to dilute *»" eous 

absorbtion characteristics of th e dto«KS 9 ^'^ ""^ l ° ,he " ear U V above ™ "ased on the 

salts as photoinitiators. These photoTnitiaSs aTusTd wtth v ^ 

The vinylic polymers undergo acidosis toZ^Z^t^^^^^"'" 0 ^""^ labile P endant S^oups . 
DE-A-2306248 discioses reslSmp^^ 
« pendant groups and light decomposable acid ^ST^S^^^^ compounds having acid labile 
Journal of Imaging Technology 11(1985) Tl46 57 rikn ■ S used as a b in°er. 

gether with onium salts ( ' 157 d ' SCl ° SeS Sln *r compositions discloses novolak resins to- 

acid^ sT S Zome C -c Z^^:^^*™ °' ' ,0 « * "» ^ a " d »«* 

« suiting photoresist is sometimes imSTue ^JSEL J 'T^™' ,he P erfor ™"<* <* »» re- 
exposure of the photoinitiator under norma! operatino ™nd fcnt l 9 ^T 9 ^ ^ US * °' ° nium ««» U P°" 
incorporating stabilizers into the photoresTst comp^si.L ^ ™ M S ° metimes be thieved by 

and s?«5rs 'r^^ — - -*» x. ray 

« Photoresist can be converted from the insoluble T SlubTste.e b TJ 1™ ^ 33 ,he b3Se r9Sin - The 

combination with a dissolution inhibitor having chemicX comSnedLTrT^h f COmmercia ">' availab 'e Polymer, in 
anrt.on.unr, salt. Although the photoresist disso.ufcn ^^^^^^T f ^ hen,na ^ andan 
chemical amplification effect is achieved upon the qenTration of H ? r ! V understood, it is believed that a 

mation of the dissolution inhibitor to the s^uble stete ZIh k T ^ " Me * aryl ° nium sa,t - The ,ra ^or- . 

*> solubilizes exposed photoresist areas ***** " y ,hS aC,dolysis ° f the acid 'ab-le groups which 

There is provided by the present invention a resist composition comprising by weight 

(A) 1 00 parts of organic solvent, and 

(B) from 5 to 85 parts of solids admixed with (A) comprising by weight 

which is insoluble in water or aqueous too^KlLZ ^TTtT ' S 3 dissolution ir *™°< 'or (1 ), 

butyl esters, aryl tertiary butyl ethers a^'tSiarv b!^?^ h f °T 1 °°° C ' a " d * S9 ' eC,ed from tertia ^ 
(benzoyloxy)cyclohexene, and * * carbonates, 3-cyclohexenyl benzoate, and 3,6-bis 

(3) an effective amount of an aryl onium salt. 

organ- 6 ^ 

« compositions, referred to hereinafter as "polymer are oTeZTZTT ^T* ab ° Ve d9scribed 

chlorophenol novolac resins, melamine-fo^naldehvdJ v«L T? P ? w n ° V °' aC r6Sins ' creso1 novolac re sins, 
boxymethylhydroxyethy. cellulose, ^^i^ "T" e * Car " 

polymethylvinyl ether, polyethylene oxide o^L^^l « P°'yacrylamide, poly-2-hydroxyethylmethacrylate, 
styrene, stilbene, vinylether ^r^^ e a ^^T" telml * * sel «*ed 'rom 

» methylstyrene. polyacry. acrylic acid, and 32^?^ " Poly-4-hydroxy-a- 

«2SS ^K'£^K2^ r isso,u,ion inhibtors referred ,o hereina «- - 

resists are, for example: P *"* PfeSent IWent,on to make ttle water or aqueous base soluble • 
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C0 2 -C(O*3>3 C0 2 -C(CH 3 ) 3 ^ 

OC0 2 -C (CH 3 ) 3 C0 2 -C (CH3) 3 



(CH 3 ) 3 00 2 C-^^D 2 -CW 2 ) 3 



{ai 3 ) 3 c-o 2 c 




-c-oo 2 -c(c-: 3 ) 3 
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CO0 2 -C(CH 3 ) 3 



0-C(CH 3 ) 3 



Preferably, the inhibitors of the present invention have a molecular weight of less than about 1000. They have acid 
labile pendant groups which are preferably tert-butyl esters of carboxylic acid, and tert-butyl carbonates of phenols. In 
addition, these acid labile groups can be trityl, benzyl, benzhydryl as well as other modifications illustrated in the in- 
hibitors above. Radiation decomposable indicators which can be utilized in the practice of the present invention to 
generate acid upon exposure referred to hereinafter as the "initiator" are, for example: - 

Triarylsulfonium salts, diarylchloronium salts, diarylbromonium salts, triarylselenonium salts, thiopyrylium salts, xan- 
thylium salts, imidazolium salts, dialkylphenacylsulfonium salts, dialkylhydroxyphenylsulfonium salts, ferrocenium 
salts, diazonium salts, triarylsulfoxonium salts, diaryliodoxonium salts, phenacyltriarylphosphonium salts, phenacyltri- 
alkyl-ammonium salts, phenacylpyridinium salts. Further examples are shown by H.^J. Timpe and H. Baumann, Ad- 
hesion 9, 9 (1984) and Crivello patents U.S. 4.05B.400 4,058,401; 4,069,055; and 4,151,175; assigned to the same 
assignee as the present invention and incorporated herein by reference. 
The following constitute some additional examples of onium salts: 
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Et 
Et 



initial C ° mP0Si,i0nS ^ ^ ^ ty b ^ « polymer, inhibior, and the irradiation decompose 

that '^S^^ is no, critical. „ has been found 

about 25 parts of initiator, par *^^^S^X^S^l°° T °' md ° 5 P art t0 

as 1,2-dimethoxy ethane, di(2-m e ^ e hy ,)e,ner 7™^^ to , mate - 1he reSiS, com P° siti °n. solvents such 
roethane, 1 -methoxy-2-ethyl acetate Z T?^ aCeta,e ' chl °robenzene. 1,1,2,2-tetrachlo- 

pylene gycol, arnyiacetate Id b u |y,ace,^e ' m * hy " 80bu *' ke '° ne ' ^^'ohexanone, n-bu,anol. ethylene glycol, p£ 

- compos- 8 ^ ^ * *" P '~ n, a * patterned resist on a substrate, which 

Sn^,^^^ 

Shipley Company of Newton, Massachu^ Z ^Z ™"™"™ hVdroxide - developers are made bv 

of Wallingford, Connecticut Company of East Providence, Rhode Island, amd KTI Company 

photoiSr ^haTe SS^^w^Sh r IT? rS ^ bS ^ — ^ -ious 
spectrum where it does no, absorb. Z^J^^S^Ll^ ° rsensi,ize < h ° onlum sal, to a region of a 
inrtiators or mixtures thereof are, for e£r^^S™ ? J T Combination with the afore-described 
anthracene, pyrene, perylene, phenoTh^ ne ben*! ac^dTnp h ™"<™. anthrone, 9-ethoxyanthracene. 

9 .10-dipheny te nthracene%-f,uore P none be^phenone SS^ST ^ Se, ° flaVi "- T ' ■"****»"•. 

^SS^^^^Z S^lSJE * ^ in ' tiat - — "> - P-ice of the 
or UV irradiation. oi me pnotoresist under electron beam and X-ray irradiation as well as visible 



EXAMPLE 1 
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Phenolic Resin 


Dev/Water 


meta-cresol novolac 
polyvinylphenol 
t-butylphenol novolac 


1:1 

5:1 (immersion) 
5:1 (immersion) 



The resists were developed and 2 to 3.5 urn features were resolved. 
EXAMPLE 2 

15 

Inhibitor, t-butylnaphthalene-2-carboxylate was prepared as follows 
30 EXAMPLE 3 



Inhibitor 


Photosensitizer 


UVA,(nm) 


di-t-butyl terephthalate 
t-butylnaphthalene-2-carboxylate 


9-fluorenone 
perylene 


313 

405-436 365 



reso Tha resists were processed in KT. 350 developer under ,he conditions described above, and 1 urn features were 
EXAMPLE 4 



Inhibitor t-butyl-2-na P hthyl carbonate was prepared by the following procedure- 
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extracted twice with ethylacetate. The combined organic layers were washed three times with water followed by a 
saturated sodium chloride solution and then dried over anhydrous sodium sulfate. The mixture was then concentrated 
using a rotary evaporator. A crystalline solid was obtained and recrystallized from petroleum ether and then dried in 
vacuo. There was obtained 65% yield of t-butylnaphthyl carbonate having a melting point of 74-75°C. 
s A photoresist composition was prepared following the procedure of Example 1 utilizing 1.2 g of commercially 

available meta cresol novolac resin, 0.8 g of t-butyl-2-naphthylcarbonate, 0.1 gof diphenyl-4-thiophenoxyphenylsul- 
foniumhexafluorophosphate and 6 ml_ of 1 -methoxy-2-propylacetate. Wafers were spin coated and exposed for 20-40 
seconds as described in Example 1 and baked at 125°C for 30-60 seconds. There were obtained clear 2 micrometer 
lines and spaces after the photoresist was developed for one minute in a 1 :2.5 mixture of KTI 351 and water. 

10 

EXAMPLE 5 

A photoresist composition was prepared in accordance with the procedure of Example 1 utilizing 1 .2 g m-cresol 
novolac resin, 0.8 g 4-t-butoxy-p-biphenyl, 0. 1 g diphenyl-4-thiophenoxy-1 -phenyl sulfonium hexafluorophosphate and 
is 6 mL 1-methoxy-2-propyl acetate. Cleared 3 um lines and spaces were obtained by exposing coated wafers to 313 
nm UV for 20-40 seconds, a 30-60 second bake at 125°C and immersion in a 1 :1 solution of KTI351 and water. 

EXAMPLE 6 

20 a photoresist composition was prepared utilizing 1 .5 g of commercially available meta cresol novolac resin, 500 

mg of *t-butyl-1H-indene-3-carboxylate, 100 mg of diphenyl-4-thiophenoxyphenyisulfonium hexafluorophosphate and 
6 mL of 1 -methoxy-2-propylacetate. The photoresist was spin coated and irradiated as described in Example 1 . There 
was obtained clear 2.5 micron lines and spaces with irradiation at 313 nm for 15-20 seconds, a 30-60 second bake at 
125°C and a development for one minute in a 1 :1 solution of KTI 351 developer and water. 

25 

EXAMPLE 7 

Photoresist compositions were prepared utilizing commercially available meta cresol novolac, t-butyladamantane- 
1 -carboxylate, and various initiators and 1 -methoxy-2-propylacetate. One of the photoresist compositions was made 

30 by blending together 1.5 g meta cresol novolac, 500 mg of t-butyladamantane-1 -carboxylate, 100 mg of diphenyl- 
4-thiophenoxyphenylsulfonium hexafluorophosphate and 6 mL of lmethoxy-2-propylacetate. Another photoresist for- 
mulation utilized 1.5 g of the meta cresol novolac resin, 500 mg of the inhibitor, 110 mg of 4-methoxyphenyl-iodonium- 
hexafluorophosphate, and 6 mL of 1 -methoxy-2-propylacetate. The various photoresist compositions were applied to 
silicon wafers as previously described and subjected to imagewise exposure at 31 3 nm for 1 0-15 seconds and at 254 

35 nm for 2-3 sec at 5.22 mW/cm 2 . The resists were processed in accordance with the procedure of Example 1. There 
were resolved 3 um features from the sulfonium containing photoresist and 2.5 micron features from the iodonium 
containing photoresist. 

EXAMPLE 8 

40 

A photoresist composition consisting of 1 .5 g m-cresol novolac resin (Schenectady Chemicals HRJ 2606), 500 mg 
di-t-butyladtpate, 1 00 mg 4-methoxyphenylphenyliodonium hexafluorophosphate and 6 mL 1 -methoxy-2-propyl acetate 
was spin coated onto silicon wafers which had been previously treated with hexamethyldisilazane and baked. A film 
coating of 2 micrometers was obtained. The photoresist coatings were exposed for 4-5 seconds using a Suss MA56 
45 Contact/Proximity Printer operated in the proximity mode at 254 nm with an intensity of 5.22 mW/cm 2 . After exposure, 
the wafers were postbaked for 30-60 seconds at 130°C, then developed for 60 seconds in a 1:1 mixture of KTI 351 
and water. Cleared well-imaged patterns were obtained having 3.5 um lines and spaces. 

EXAMPLE 9 

50 

There was dissolved 3 g of the m-cresol novolac resin of Example 8 in 10 mL methyl ethyl ketone. There was 
added to the resulting solution, 1 g t-butyl-2-naphthalene carboxylate, 0.02 g perylene and 0.2 g 4-methoxyphenylphe- 
nyliodonium trifluoromethanesulfonate. The mixture was coated onto a copper-clad epoxy-glass circuit board and dried 
to remove the solvent. The dried circuit board was covered with a Mylar resin photographic negative. AGE H-3T7 
55 medium pressure mercury arc lamp ballasted at 800 W was used to irradiate the negative for 30 seconds at a distance 
of 8 inches. Following imaging, the circuit board was baked for 3 minutes at 100°C and then developed in a 1 :1 mixture 
of KTI 351 and water. The pattern was then etched into the circuit board using an aqueous ferric chloride solution giving 
a clear chloride solution giving a clear positive image of the mask. 
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c* P o, ymers , inhibitor . and initiato i e -r e «*x^z^z::zsz* the use of a much ^ 

Claims 

1 . A resist composition comprising by weight 

(A) 100 parts of organic solvent, and 

(B) from 5 to 85 parts of solids admixed with (A) comprising by weight 

(1 1 H00 parts of a water or aqueous base soluble organic polymer having an average MW of from 200 to 

SbKn^ 

(3) an effective amount of an aryl onium salt. 

2. A spinnab.e or solution castable composition In accordance with Claim 1 , where the organic polymer is a novolak 

3. A spinnable or solution castable composition in accordance with Cairn 1 , where the ary, onium salt is a sulfonium 

4. A spinnable or solution castable composition in accordance w«n Calm 1 , where the onium salt is an iodonium 
5- A spinnable or solution castable composition in accordance with Claim 1 containing a photosensitizer. 

6 ' h^aC^ 

8 ' XXSuTE^^ in accordance with C ^ 1 • «?~ -° - - 

9 - srsr accordance with ciaim 1 ■ where - — - > 

10. A method for making a patterned resist substrate composite which comprises 

(3) irrad.at.ng the applied resist in a patterned manner 80 °' 

(4) heating the irradiated resist to a temperature in the range of from about 35'C to 1B5-C and 

(5) developing the .rradiated resist to produce a patterned resist substrate compose 

11. A composite comprising a substrate and a resist composition made in accordance with the method of Claim 10. 

12. A compostte in accordance with Claim 11 , where the substrate is a silicon wafer. 

13. A composrte in accordance with Claim 11 , where the substrate is a copper-clad laminate. 
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Patentanspruche 

1 - Resistzusammensetzung, die gewichtsmaSig besteht aus 

(A) 1 00 Teilen eines organischen Losemittels, und 

(B) 5 bis 85 Teilen von Feststoffen, weiche (A) beigemisch, sind und gewichtsmaBig bestehen aus 
^*SS£Z£^ B - °«en Powers mit 

subM r ein,achen vm *- * * 

von wenigstens 100'C hat und ausgawlhH is unlZ^" 9 *"^'* "* einen Siede P unW 

Aryl-tertiaren Butylcarbonaten ^cXxZZZ^P ^eaterr,. Aryl-tertiaren Butylethern, 

(3) einer wirksamen M^^%S5Z£ET ^-^^'^^-sn, und 

2 - ?nt:s^ 

3 ' eTntSrS. L6SUP9 9i63tehi9e Z — t-ng nach Anspruch 1, bai weicher das Aryi-Onium-Saiz 

4 ' .TSSSSJ L6SUn9 9iS ^ hi9e Z ~ atzung nach Anspruch i. bai weicher das Ary.Onium-Saiz 

5. Spinnmhiga odar a,s L5sung gieBlahige Zusammensetzung nach Anspruch 1, weiche ainan Pnotosensibiiisator 

R 1. ^weicher das OniumsaizTriphe- 

8 - ES^^ — ^Pn- 1- " -icher das Oniumsaiz 4 -Me- 

10. Varfahran zum Hersta.len ainas bamustarten Resistsubstrat-Komposits, bastahond aus 

r!1:;« 

(^einem Brannan das Resistsubstrat-Komposits auf oina Tempa ra tur in dam Baraich von etwa 35»C bis 

(3) einem Bestrahlen das aufgebrachten Resists gamaB einam Muster, 

(4) einer Erhitzung das bestrahlten Resists auf cine Tamparatur in dem Baraich von atwa 35»C bis 1 85'C, und 
(5, ainam Entwicke.n das bastrahitan Resists zur Herstaiiung oinas bamustarten Rasistsubstrat-Komposits. 

nZtLT^T™ SUbS ' rat 6iner nsauung bastah, hargastail, nach dem Verfah- 

12. Komposit nach Anspruch 11 , bai welcham das Substrat ein Siliziumwafer ist. 
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13. Komposit nach Anspruch 11, bei welchem das Substrat ein mit Kupfer plattiertes Laminat ist. 



35 



55 



Revendications 

1. Composition de reserve comprenant, en poids 

(A) 100 parties de sotvant organique, et 

(B) de 5 a 85 parties de solides melanges a (A) comprenant, en poids 

(1) 100 parties d'un polymere organique soluble dans I'eau ou une base aqueuse ayant un PM moyen de 
200 a 20 000; 

(2) de 5 a 1 00 parties d'un compose simple substitue par un groupe labile aux acides qui est un inhibiteur 
de dissolution pour (1), qui est insoluble dans I'eau ou les bases aqueuses, a un point d'ebullition dd'au 
moins 100°C, et est choisi parmi les esters de butyle tertiaire, les ethers d'aryl-butyle tertiaire, les carbo- 
nates d'aryl-butyle tertiaire, le benzoate de 3-cyclohexenyle et le 3,6-bis(benzoyloxy)cyclohexane, et (3) 
une quantite efficace d'un sel d'aryl-onium. 

2. Composition filable ou coulable en solution selon la revendication 1 , dans laquelle le polymere organique est une 
resine novolaque. 

3. Composition filable ou coulable en solution selon la revendication 1 , dans laquelle le sel dd'arylonium est un sel 
de sulfonium. 

4. Composition filable ou coulable en solution selon la revendication 1, dans laquelle le sel d'aryl-onium est un sel 
d'iodonium. 

5. Composition filable ou coulable en solution selon la revendication 1 contenant un photosensibilisateur. 

6. Composition filable ou coulable en solution selon la revendication 1, dans laquelle le sel d'onium est I'hexafluo- 
roantimonate de triphenylsulfonium. 

7. Composition filable ou coulable en solution selon la revendication 1, dans laquelle le sel d'onium est I'hexafluoro- 
phosphate de diphenyl-4-thiophenoxyphenylsulfonium. 

8. Composition filable ou coulable en solution selon la revendication 1, dans laquelle le sel d'onium est I'hexafluoro- 
phosphate de 4-methoxyphenylphenyliodonium. 

'9. Composition filable ou coulable en solution selon la revendication 1, dans laquelle le sel d'onium est le trifluoro- 
methanesulfonate de 4-methoxyphenylphenyliodonium. 

10. Procede de preparation d'un composite substrat de reserve a motif, dans lequel 

(1) on traite un substrat avec la composition de reserve de la revendication 1 pour produire un composite 
reserve-substrat, 

(2) on fait cuire le composite reserve-substrat a une temperature allant d'environ 35°C a 180°C, 

(3) on irradie la reserve appliquee en suivant un motif, 

(4) on chauffe la reserve irradiee a une temperature allant d'environ 35°C a 185°C, et 

(5) on developpe la reserve iradiee pour produire un composite substrat de reserve avec motif. 

11. Composite comprenant un substrat et une composition de reserve preparee selon le proced§ de la revendication 
10. 

12. Composite selon la revendication 11 dans lequel le substrat est une plaquette de silicium. 

13. Composite selon la revendication 11 dans lequel le substrat est un stratrfie plaque de cuivre. 
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